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V SECTION I

INTRODUCTION

*interest in studying and verifying the theoretical analysis of strategic pro-

tect',ve structures has created a demand for a testing procedure to simulate
thb :)igh levels of airblast and ground shock emanating from a nuclear surface

burst. Efforts in this Target Assessment (TA) test series centered on higher
pressures, up to 10,000 psi, a level of airblast which would be expected to

Inflict severe damage to a strategic structure. Specifically the TA High

Explosive Simulation Technique (HEST) series was designed to obtain data on

the performance of a WEST for high overpressures, to demonstrate an ability to

record these pressures, and generally to expand the Iata base for Iremite foam

HESTs.

I BACKGROUND

In the past the techniques for predicting the hardness of strategic structures
have been tied to the structure's design. Component tests indicated that these

critical damage predictions tend to be low due to the conservative nature of

design codes. Thit Defense Nuclear Agency (DNA) is spearheading efforts to im-
prove hardness predictions with a testing program on target structures. Part

of this effort involves gathering more data on the failure modes of the struc-
tures, and a program also has been developed to study silo structures. The

Waterways Experiment Station (WES) at Vicksburg, Mississippi, will perform the

actual silo tests, but the Air Force Weapons Laboratory (AFWL) and the Univer-

sity of New Mexico's Civil Enginefring Research Facility (CERF) will develop a

simulation technique for WES to use. The purpose of the TA HEST series is to

devwlop the nuclear simulator needed by WES for their tests.

Three TA HEST tests were conducted to study the pressure range of interest,

from 5,000 psi to 10,000 psi. The first two tests were small 12- by 12-ft

HESTs designed to deliver peak overpressures of 5,000 psi an4 10,000 psi re-

spectively. The third test was developed to be a running HEST which would

deliver overpressures ranjing from 10,000 psi to 3,700 psi along a 70-ft test

rNJ
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bed. An analysis of the pressure data from the first test (TA HEST 1) showed

that the explosive charge density needed to deliver 5,000 psi had been over-

estimated. TA HEST 1 actually produced in the range of 7,500 psi, which caused

a reassessment of the data from previous Iremite-foam HESTs. The charge density

for TA HEST 1 had been chosen on the basis of data from only three other tests,

so a careful study of these four tests produced a vastly improved peak-pressure-

versus-charge-density curve on which to base TA HEST 2. It was also decided

after TA HEST 1 to aim for a 5,000-psi overpressure in TA HEST 2, and to let TA

SHEST 1 fix the high end of pressures desired in this test series. With the im-
proved peak-pressure-versus-charge-density relationship, TA HEST 2 did deiive" a

5,000-psi overpressure.

The ideal pressure-versus-range curve desired for TA HEST 3 was approximated

with 10 pressure steps along the 70-ft length of the test bed. Because TA

HEST 2's peak pressure had added to the credibility of the Iremite peak-

pressure-versus-charge-density curve, the charge densities of the 10 steps

were determined from this function. Whereas the two smaller tests had been

fired with a constant speed detonating cord (detcord) driver, a varying speed i,
weave initiated TA HEST 3. This driver was designed to burn at the speed of ,

the detcord (estimated at 22,500 ft/s) for the first 40 percent of the cavity,

and then to simulate the ideal nuclear shock velocity over the remainder of

the cavity.

- Ii
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SECTION II
S~ TEST DESIGNS

GENERAL

Several design parameters were hP.ld constant throughout the test series to en-
sure a meaningful data relationship from test to test. The proposed design for
the 70- by 70-ft HEST for WES's actual silo test, using a 15.625-kt yield, gave
an overburden height of 3 ft and a HEST cavity thicknes-. of 7 in. Since the

,.Iajor objective of the TA HEST test series involved calibration of this design
for WES, these paranmeters were used throughout the series. Other parameters
remained the same in every test, such as the thickness of the foam layers in
each HEST and the types of explosives used in each test. Unnecessary changes
from test to test were avoided. However, where methods proved to be lacking

(mostly iii the instrumentation), improvements were made in each of thu three

"tests.

The parameters to be calibrated for WES concerned the peak pressures and shock
velocities generated in the HESTs. Each change made in the detcord driver or
Iremite charge density -was an attempt to narrow the bounds of error for WES's

tests. While the design of the first test originated from a small and scat-
4• tered set of background information, the two succeeding tests were built on
*: expanded and mcre carefully studied data bases.I

TA HEST 1

By using the pre,,stire data from three previous Iremite HEST tescs (,4ic~o Foam
HEST 2, Irerite 1, and Foap, HEST 1), a crude peak-pressure-versus-charge-density

relationship Was determined. Tha peak pressures for this curve were picked by

an eyeball f1i of the data from these thrri ,earlier tests. S4nce the peak pres-

H sures picked for this curve wers all lower than the 5,000 psi desired for TA
lHEST 1, a straig~'t-llne extvapolation was used to pick the charge density for
rie first test. The number arrived at w.s 4.0 lb/ft' of Iremite. After con-

struction the actual charge density was 4.06 lb/ft'.

/i I5
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A shock velocity of 18,000 ft/s was desired in TA HEST 1, so the 100-grain

detcord driver was designed to deliver this velocity. Assuming that 100-grain

detcord burned at approximately 21,650 ft/s, the driver was laid out as shown

in Figure 1. To documer;t the burn speed, time-of-arrival gages w.re placed in

both detcord layers.

The locations of the pressure gages were chosen not only to determine the HEST

peak pressure, but also to determine some of the fine characteristics of the

Iremite layout. Four Kulite gages were placed around the test bed for a gen-

eral sampling of the cavity pressures (measurements 1 through 4), and four bar

gages (measurements 5 through 8) were placed in a straight lI.e (Fig. 2) to

record the possible jetting of adjacent Iremite cords. Measurement 5 lay di-

rectly under an Iremite cord in the bottom layer, while measurements 6, 7, and

8 lay at small increments in distance from this cord. All eight gages were

located within the diamonds of the detcord driver so as not to be along any
diamond's long diagonal. There was major concern (lates' substantiated) that

shock fronits would slap together as they burned toward the long diagonals of

the diamonds, thereby creating very high pressure explosive jets which would

destroy any gage nearby. These hot spots were avoided in the gage placements.

TA HEST 2

The design of this test depended heavily on resultr from the first test. Pres-

ures from TA HEST 1, which were well over the 5,000 psi expected, forced a re-

evaluation of the old Iremite peak-pressure-varsus-charge-density rplationship.

The nveball fit technique used for creating this function was really little more

thai' educ-ted guessing; so the restudy of tne first four fremite tests used a

proper method for picking peak pressAres,. To assure a consistent and statisti-
cally accurate knethod of picking peak pressures, Mr. Howard Waipler's

double-exponential, peak-pressure co,4puter program was used. The program

best-fits an empirtca, dcuble-exponential equation, of the form

V ':. I = AO + AleBit ÷ A2eB2 t (8)

Wampler, Howard W., and Earickson, Jeff A., High-Preasure and Fomn ESTI
Anal••ea, CERF AST-IO, Civil Engineering Research Facility, University of
New Mexico, Albuquerque, New Mexico, publication pending.
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to digitized points from an impulse-time curve, by finding optimal values for

AO, Al, Bi, A2, and B2. These five values are then used in a differentiated

form of Equation 1:

PO a AI(B1)eBlt A2(B2)eB2 t (2)

to solve for the peak pressure, using time, to, for t. While this computer pro-

Lgram is much more complex than describe here, these two equations form its

mathematical backbone; and through exter.Ove use it has proven reliable. All of

the good pressure traces from the four Iremite tests were analyzed with the pro-

gram, and a new peak-pressure-versus-charge-density plot was created. The new

plot exhibited less scatte, and it estimated a charge density of 2.55 lb/ft 3,

for a peak pressure of 5,000 psi, which was considerably lower than the charge

density used in TA HEST 1.

r After deciding to let TA HEST I define the high end of the pressure range in the

test series, the search continued for a 5,000-psi overpressure. With TA HEST 2

now chosen as the 5,000 psi test, debate centered on the charge density needed.

Several people interested in this test series felt that 2.55 was too low a

charge density, and that it would only deliver about 3,300 psi. After more study,

2.65 was chosen with the feeling that if the old plot were right, then the pres-

sure would fall too low; and if the new plot were right, the pressure would be a

bit too high. So the HEST cavity was designed with this charge density.

The detcord driver for TA HEST 2 (Fig. 3) remained the same as for the first

test. Due to a pin box failure in TA HEST 1, no time-of-arrival data for the

driver was obtaiaed. However, a crude analysis of times of arrival from the

TA HEST I pressure pulses indicated that the shock velocity had been close to

the desired 18,000 ft/s. With no reason or changing the driver design, it

remained the same. Even tne pin gage layout remained the same, and a special

effort was made to recover pin data in the second test.

The pressure traces from TA HEST 1 told more about the types of gpges usEd than

the characteristics of the explosive. The four Kulite gages gave good results,

while the four bar gages gave unusable data.

:~, 1~?I9
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Because of the failure of the bar gages in TA HEST 1 the gage choice for the
second test was weighted in favor of the Kulites, since time and effort could
aot be experIe•t in exerimointAtion with the bar gages. Six Kulite gages and

one bar gage were used in TA HEST 2. The gages were nrranged in a much broader

pattern in the second test in order to get a more realistic view of the HEST
V ,pressure. As shown in Figure 4, the gages were also placed in different rela-

tive locations within the detcord driver diamonds. Some of the gages were
placed so as to discover whether or not there were groms jets within the dia-

monds, since it was believed that shock fronts would slap together as the

Iremite burned toward the long diagonals of the detcord diamonds. Even though

few results came out of the bar gage arrangement in the first test, there were

indications that the lack of data occured due to the nature of the gages. A
visual study of the TA HEST 1 test bed posttest (Fig. 5) indicated that gross

S! jetting of the Iremite in the diamonds could be a much larger problem than

Jetting between Iremite cords. The TA HEST 1 had cuts across the test bed
indicating Jetting along what had been the diagonals of the diamonds. There-

fore this problem was considered in the TA HEST 2 gage arrangement.

TA HEST 3

Analysis of TA HEST 2's pressure traces with the Wampler fitting program gave
j data which agreed well with the peak-pressure-versus-charge-density plot

created by analyzing earlier tests with the Wampler routine. The relationship

derived from thi. plot was used to establish the charge densities needed for
TA HEST 3. However, other methods for determining peak overpressures exist

beside the Wampler routine, and they can also be successfully used to create

a peak pressure-charge density relationship. One procedure, which is related

to the HEST design process and is not an empirical fitting to the data as in

the Wampler routine, is described in Appendix E. The main complications in
the design of TA HEST 3 involved approximating the nuclear-overpreszure-versus-

* range curve (Fig. 6) and the nuclear-shock-velocity-versus-range curve (Fig. 7).

Figures 6 and 7 derive from H. L. Brode's approximation of a 1-kt free-air blast

• ,(Ref. 1), which gives rather complex functions for peessure versus range and

,,hock velocity versus range:

1. frode, Harold L., Revie, of NuiZar Weapons Effeotw, Annual Review of
4uclear Science, Vol. 18, 1968.

LLL1I
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w 58w. + .5 12P (Rw) + 0.0215 (3)
R R

and

V )1,128(R/w'/3 2+ 0.7622 R/w1/3 + 0.3722 2

V (R,w) 2(4)
-'" + 1.524 i/T)+ 1.241 + 0.1126(_ - 0.003483

In Equations 3 and 4, R is the nuclear range in kilofeet; V is the shock velo-
city in feet per second; P is the peak cverpressure in pounds per square inch;
and w is the nuclear yield in kilotons. TA HEST 3 was designed to simulate a

one-fourth-scale 1-Mt burst, or a 15.625-kt burst. For a surface burst one
uses 2w or 31.25 kt in Equations 3 and 4.

These two quantities are unwieldy for the design of a HEST cavity, so they
were approximated quite accurately in the range of interest with the following

exponential forms:

P a 9,713.22e"0"014 2 R (5)

with a coefficient of determination (r 2 ) of 0.997, and

V - 28,495.7e"0084H, r 2 - 0.995 (6)

In these two equations, R is the test bed range in feet.

In the actual design of the explosives spacing along the HEST cavity for TA
HEST 3, several more mathematical steps needed to occur. First, the pressure-
range function was related to the pressure-charge density function known at

that time. The peak-pressure-versus-charge-density graph (Fig. 8) had a best-

fit line tO the data of

P - 1,957.6 C., r 2 - 0.997 (7)

Charge densities in Figure 8 were obtained by counting Iremite bars in a volume
between two ranges, not from Equation 9. The difference in charge density val-
ues is as great as 2.4 percent.

16
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Combining Equations 5 and 7, a charge-density-versus-range equation can be

defined:

r 4 . 95 e"0"014 2R (8)

Next a relationship betweei chdrge density and center-to-center cord spacewidth

was needed so a function of spaoewidth versus range could be created. For one

l -er of Iremite cords laid across the width of the HEST, the volume around one

cord (and the charge density) tan be related to the spacewidth by

i 144w
C D .4-4 (9)

Swhere w is the weight of Iremite per foot of cord (0.37867 Ib!ft), 0 is the

depth of the HEST cavity in inches (7 in for TA HEST 3), and Sc is the corl

spacewidth in inches. From Equations 8 and 9 a function of spacewidth versus

test bed range cAn be created for actual design:

144weO" l R0 4 2R
S ... - 1.57e

0.042R (10)Sc = 4.95D

Since this equation is for one layer of iremite, two layers can be put into the

cavity by doubling the cord spacewidth:

Sc a 3 .1 4 e 0" 4 2R (11)

This function is plotted in Figure 9, along with the 10-step approximation

fitted to it for the design of TA HEST 3. The 10-step approximation was used

to limit the number of different sized foam spacers needed to construct the

HEST. Stepping the spacewidth (hence the charge density) along the cavity af-

fects the modeling of the pressure-versus-range curve; Figure 6 shows the pres-

sure steps along the HEST caused by stepping the cord spacewidth. For construc-

tion purposes, stairstepping the spacewidth of the Iremite cords is far easier,

and the pressure curve is modeled well.

Modeling the nuclear-shock-velocity-versus-range curve (Fig. 7) for TA HEST 3

involved the design of an explosives driver to approximate it. The velocity-

range cvrve called for a shock velocity in excess of the 22,500 ft/s burn

77
18
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speed of 100-grain detcord ior the first 27.9 ft of the cavity; therefore this

section of the curve was approximated with straight detcord along the cavity.

Past the 27.9-ft range the shock velocity curve was approximated by a changing

weave pattern of det.ord (Fig. 10) along the cavity to slow down the shock ve-

locity as it approached the end of the cavity. The weave pattern was designed

by modifying the HEST lockup code of Mr. Ed Seusy at AFWL and letting an HP

9820A computer iterate to a solution. One-hundred grain detcord was Ad for

the driver because it served as an effective initiator for the Iremite, yet

the entire amount of cord used in the cavity (about 11 ib) remained negligible

compared to the total charge. Time-of-arrival gages were placed along the

cavity.

The gage canisters were arranged along the length of the cavity in nine pairs

(Fig. 11) in order to obtain a complete sample of the pressures in TA HEST 3.

Two additional gages were placed at ranges of 24.5 ft and 45.5 ft (measurements

19 and 20) to give additional readings in the areas of the cavity where pres-

sures of approximately 7,500 psi and 5,OCO psi were expected. All of the can-

isters were placed fairly close to the centerline of the HEST in order to keep

Fl pairs of gages close enough together for a good comparison of readings, and to

keep the gages away from hot spots in the weave pattern. Results of the gage

placement in TA HEST 2 had been quite convincing; any pressure gage placed

under an Tremite jet would haie no chance of surviving. (Section IV discusses

these results in more detail.) Because good data recovery was crucial in TA

HEST 3, and because gage problems were expected in the high pressure end of

the tast, these trouble regions wcre avoided. All of the cable egress pipes

ran southwestward from the canisters to give earthmoving equipment free access

to the HEST from the north and east.
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SECTION III

CONSTRUCTION METHODS

I
TA HESTs I AND 2

"Both of these tests used the same construction techniques, and both used the

same sized HEST. The only major differences between these two tests involved

the charge densities of the HEST cavities and the arrangement of pressure

r gages within the area of the test bed. There were also some differences in

the types of pressure gages used between the two tests, as we'll as the place-

ment of photopoles. However, these deta;ls do not bear on constructicn

methods, and the following discussion appl;es to both tests.

After initially gradinq and leveling the test bed area, a 12- by 12-ft frame

was built out of Z- by 4-in boards and fixed to the test bed with wooden stakes.

By using string lines across the frame, tshce desired locations of the pressure

gages were generally located. The frame was then removed (without removing the

stakes), and trenches dug for the concrete gage canisters and egress pipes.

These trenches were dug with a backhoe and needed to be about 2 ft wide and
27 in deep. The trenches for the egress pipes always ran away from the initi-
ating end of the HEST cavity to prevent cable damage before the pressure gage

recorded a pulse. Each concrete canister had a long piece of anglebar bolted

to its top face at the location where the gage would be "4ocated; and each can-

ister was suspended in its hole by resting the angle bar on the edges of the

hole. The frame was then replaced and the gage canisters adjusted to match

the gage locations defined by thol string lines (Fig. 12). In this process the

top surfaces of the canisters were also leveled to the same elevation with a

transit. Once adjusted, a piece of 16-in-diameter Burke-Tube 4 in high was

placed around each canister at the bottom of the trench. Grout was then poured

into these forms to anchor the carnisters to the ground. Egress pipes were

welded (using a sleeve) to the pipes exiting from the canisters, and the

trenches were backfilled and tamped.

After the final leveling and test bed recompaction (to a soil density of about

L .: 120 lb/ft 3 ), the photopoles were placed in the test bed. Since these poles had

small fins under their baseplates, a small hole had to be dug to accomodate the
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Figure 12. TA HEST 1 -View of Concrete Gage
Canister Placement and Alignment
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poles. A 3-ft by 3-ft by 1/4-in steel plate with a hole in the mAiddle was
placed over the pole to rest like a large washer against the pole's baseplate
and the test bed. These poles were checked for vertical alignment with a level.
All of the construction up to this point could reasonably be accomplished by

one to two workers in one week. With moderate care the gages could be ea;ily

placed within 1/4 in of their planned locations.

In the next construction steps the pressure gages were installed in the canis-
ters, wired to the instrumentation van, and checked out. The instrumentation
cables were pulled through their egress pipes with baling wire. Because baling
wire could not be placed in the pipes before welding due to the problem of po-
tentially welding the wire to the pipe, the baling wire was pulled through the

pipes with string. To thread the string through the buried pipe, a small piece
of foam was tied to the end of the string and then blown through the pipe with

compressed air. Not only did the foam pull the string through the pipe, but the
compressed air also cleaned any dirt from the pipe. After the instrumentation

cables had been strung through the pipes tith the string and baling wire, the

I * pressure gages were connected to the van and their condition checked. If a
gage did not respond to the checkout as desired, it was replaced.

After the instrumentation checked out properly the HEST cavity was construc-tqd.
For TA HEST I and 2, HEST construction began on the morning'of the test day.

Construction of the cavity and berm took about 4 hours to complete, so a test

time could be scheduled for early afternoor. The 12- by 12-ft frame was left
in place to serve as a retaining wall for the foam cavity. As shown in Figures
1 and 3, the HESTs for these tests used expanded polystyrene foam, 1-in-

diameter Iremite cord for the main explosive charge, and ]00-grain detcord for
the explosive drivers. The bottom 3-3/4 In of the cavity consisted of two
layers of 4- by 8-ft foam sheets 2 in thick and 1-3/4 in thick respectively.
In the thin (7-in) cavities of these tests this separntion held the explosives

away from the gage faces as for as was practical. A major concern with the
thin cavities of this test series was the possible breaking of the pressure
gages because the explosive would be too close to them. The two bottom layers

of foam happened to stick up 1/4 in beyond the top of the frame, which was

ideal for the first layer of explosive.

A 100-grain detcord initiator was laid down next. For the first two teats a
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simple diamond weave pattern was used. The intersections of this weave with the
frame were marked with dowel rods, so the cord could be stretched from rod to
rod and attached with plastic ties. The repeating weeve pattern was designed
for a constant l8,COO ft/s Wuvn' velocity. As noted in F4gures I and 3. time-of-
arrival gages were placed at weave intersectionz to measure the burti velocity
of the detcord. The Iremite cords and fout spacers were placed over the det-
cord~for the main explosive charge. The width of the spacers and thc rfimber of
Irerite cords were determined by the charge density desired for the test. Even
though the Iremite was I in in diameter, the spacers were o. j 7/8 in high,
which would flatten the Iremite Into the 1- by 7/8-in cross-sectiontl area de-
signed for it. Following the first laye*r of Ircuiite care 3/4-in thick foem
sheets, followed by another detcord weave, Iremuite layer, and this final layer
of 3/4-in foam sheets. Then the HEST roof photopoles (and their plates) wer:

plaed nd he ermbuilt.

In future practice a few items can make a REST cavity construction easier. The

ploive ca betaped into place during construction~. Running long pieces of
tape across the Iremite and spacers will keep them from shifting out of place;
and the top sheets of foam can be taped together to keep soi1l fram sifting into

the cavity. If even a slight breeze is blowing, the foam will tend to fly tway,
so tape can also be used to hold down the HEST during construction. The long
angle bars used to support the concrete canisters also served as useful weights
to hold down foam. The CERF construction crew had to build both TA HEST 2 and 3
in 20- to 30- mi/h winds, so the angle bars (and sandbags) kept the HEST on the
ground. To mark Iluations for explosives on the foam, a chalkline proved inval-
uable. Black felt-tip marking pens could also be used for easy marking on the
foam.

After building the berm the heavy construction was complete. The CEkF crvw
sprayed the berm with diesel fuiel to settle the dlist and to change the color
of the benm so it waiold contrast wit)i its background in the photography. The
photopolos were cleaine and flaskbulbs were placed on the berm just before shotV .'~. Itime. Several bulbs were usp'd, and they served ditferent functions. Two r,'r

7' ~~three bulbs were tapec to small stakes driven Into the born ard then' wired to
the high voltage detonator. These wbubs illumiinated at to to indicate the begin-
ning of the test event on the film. Using a system developad by Mr, Futer LloydI
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of CEPRF. several other buklbsj illmninatvd 4r the 4*rm at vioeiuis later Z1%ini dkir-
ing t"e test. Theso bulbs marked the occurr"%nce of eyeeits In order to miark
timesM for data purposes. M~r. Lloyj has Sy~vania F)1shcubes disse,:teJ, and the
tour small bulbs within removel. These~ bi.lhs have a short metal pin at onie end
w'hich, when snapped off, fir~s the bulb. Small hiles were drilled in the photo-
poles above k~r height; and a bulb pin place in ea%.h l. ~~~ h xls
shock wave traveis up Obe pole during 9Kr event (even before the pole moves per-
ceptibly), the bulb's pin is snappad, and so the Lulb igni1tes when the shock
fIrst reaches the top of the NEST. Theso bulbi cin also be used on HEST floor

poles to indicate shock arrival at the tottoln of the cavity. To indicate when& the shock wave reaches the top of the benn, sev'eral flashcut'.,es were placed with
Mechanical firing devices on top of the berm. These devices fire the bulbs
with pins which push into the cube, triggering in-%*ernal springs 4ihich snap the
flAshbulb firing pins. By counting the numbev of film frames, and by knowing
the camera speeds, one can determine shock arrival times with these bulbs from.
the high speed film made of these evepts.

TAHS
The construction of the last test used many of the samre methods described above
but on a larger scale. The test be grading and leveling was the same as in
the earlier tests, but the locations of~ the concrete gage cartisters had to be
marked by usir~g standard surveying practices. The concrete canisters were itý-
stalled in the same manner as in the previous te~sts, arid, as shomvn in Figure 11,
Nthe cable egvess pipes ran generally awa,,, from the initiating end of the cmvity.
All of the cable pipes ran southward from the test bed becam~ae the instr~wen'.i-
tion van *as south of the site, and this !;lacement aiied in gage hookup. With

the north sloe of the test bed fmei of cables, hezivy earthmoviwdg equipment
could be operated on that side without amiaging tt*. l'icrt~ awnetitln.

* A 12- by 70-ft frame built from dI- byj 4-in Loa"Js war, also used ftr this tesd,

even though it was not used to s'xmt the canister !Ocatias Zt.a sdsll
to f ix the location of the HEST rwer the presuire gages. Thu siAc-pit-X f."ae
was bolted together on-site afler the toast bud had been recampactaj and raltyql-
ad; the fruit wa3 stated to the groufid after lining it up around the gage lc:Q-
tions. Since construction grade 2 by 4's wre normally warped, a string lire
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had to be set up along both of the 70-ft sides. These sides of t.he frame were
then straightened 4ccord1tig t.a the lines by using numeroeis stakes to force~ the
frame square. With the frame in place, ranqe loc~ations were matxed for the
Iremit'e e'xplosivi u'd dt-,tco-d Jrivers along the tops of the 2 by 41s.

As srosmrn in Fi~vre 10, bonth the Irnnite arrangwwint and the de' jrd driver ex-
hibited the complicitiont; of a variiable charge' REST. As in tke rirst two tests,
all in,%rsections of the drive- with the edge of the NIEST were marked 0th
wooclet dowel rods. SrinCa thL 3N.-grain detcord weave did not rn in straight
lines fro~m dowel to dowel. tte cord had to be fixe'o. to the HEST at internal
points. These Poinlts were marked with a chalkline an'i warking pens, and then
irtersectirg cords were fimp~d to their underlying foam 'layer with large uphol-
stP.e7Y st~t~es. Starting from three dowels pushed throol49h the foam at the 27.9-
ft range the weave war, held together with the staples. These were the only
dowels introduced into the mniddle of the HEST, anid the three long strands of
detcord runninj from the zero rancfe were attached to the weeve at th-3se dowels.
With these three internal points, and ell of thea eAterlor intersections of the
frame marked with dov-qels, both layers )f the detvord driver were laiud out the
same.

The 10-step charge density layout dlcong thse test bed represented a r~otentia1
constructiist -problem. To prevent confusiový, a list was made up of range loee-
tioits for' inl of ",e Iremit~e cords In the cavity. On the day before ttie IiEST
ccrstructlo~i cegan, (ERF technicians laid & 100-ft steel tape diong the top of
the frame~ ard wiarked th~e 1ocavlon of each fremite cord irn the bottom layer cf
exploelves on top of this 2 by V's. The next day the technicians had only to
line up the Iremite cords with the black m'arks alon4; the frame. For the top

layer of Iremite, the technician~s were instrv':ted to mAke each cord lie in be-

tween the two cords underneath it, inl tno bottom layer. In Z.his fashion all ofi
the Iremite was placed quickly and accurately. To ensure that the right width
of foam spacer was being used in the right place, a list was also prepared of
how many of eachd width spacers would be naoded ito ea~lh layer. Using this i11A4
a ta-chnician depluyied the spacers as they were needed. Cimns*i?4t~on n.41 TA
H4EST 3, whicii was carried cut in strong winds, was fa6 i itateA by tie usi ot
duct aUic arA rftglyW I,*,s u2sed fc,ýt v.ei4,bt%. Even s-,&, extr'a 4pWictrs and froam
boards tiepe required 4due to meind diauage to -0 fDe.~isp~te the wind Problems
the TA DiC~ST 3 cikvity was completed Di g~~t t- o~ r7 homjrs.
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SECTION IV

TEST RESULTS

TA HEST I

Both the recovered data and the problems encountered in this test indicate what

to do in tht succeeding tests of th!% series. Most of the data recovery and

interpretation problems arose from the instrumentation used in this test. The

instrumentation was new and unfamiliar to the field technicians. Unlike most

previous tests where thb pressure gage signals were amplified In the instrumen-
tation van after hundreds of feet of cable had filtered the high frequency

noise (- MHz), this test used signal conditioning amplifiers near the test
bed. This system was designed tu implify the signals before the cables effected
any unknown filtrations on them, and then send the signals on tc the van. At

its best this system should have resulted in a truer record of what the pressure

gage detected. However, in this test the signal conditioning amplifiers wire

apparently miswired to the van power supply, which would have resulted in cross-

talk in these channels. The amplifiers were also improperly shielded from high

frequency radiation emitting from the test bed. This aoise, plus the noise from

the gages, was amplified and sent down the cables to the van.

Despite the nODise the four Kulite pressure ýages performed well. Since unpro-

tected Kulite gages usually fail when exposutJ to very hiqh pressure micrcsecond-

duration pressure spikes, these gages were all protected with CERF eight-hole

debris sheie•. The properties of these shields are known; t~he number 10

shield used on the one 30K Kulite gage (measurement 1) gives the gage a rise

t•e from ambient to the first peak of 30 us and a pressure overshoot of about

20 percent when it is exposed to a step function of pressure in a shock tube.

The number 18 shields used on the 20K gegjs (measurements 2, 3, and 4) have a

Palmer, Darwin, E.(ation of 7-rghtHoZa" Debris Shis"eZ , CERF FI-12, Task
R.port, Civil Engineering Reseatch FFV lity, University of New Mexico,
Albuquerque, New Mexico, April 1978.
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rise tlmit of 230 os and an overshoot of 19 percent. The number 18 shields,
which are considerably slower, were used to prot tl the more sensitive 20K
gages. A closer look at the results from these four gages reveals anomalies
which effect the data analysis. Measurement 1 had major problems with noise
which shnwed up on the impulse curve. The instrumentation noise prior to shock
arrival (especially a large spike at 0.1 ins) offset the impulse, and a slow
noise burst at 5.5 ms introduced a bump in the impulse curve. Measurement 4
suffered from a massive negative noise spike at shock arrival, which effec-
tively obliterated the first 0.1 mns of tl-t pressure trace. This spike smeared
the very beginning of the impulse curve. SInce the data from the Target Assess-

ment test series was initially analyzed with the Wampler exponential program
(which uses the impulse curve in a peak pressure determination), these two
measurements were discounted in peak pressure determinations.

Also disregarded in the analysis were the pressure traces from the four bar
gages (measurements 5 through 8). At first glance it seems that despite massive
instrumentation problems, these traces might contain usable data. As shown in

Appendix A each of these measurements had spikes deleted, and then they were in-

verted and baseline corrected. These manipulations yielded traces which nomin-
ally look like plausible data. The baseline corrections can properly be ap-i' plied, since these gages were purposely offset 50 percent negative to bandedge
in order to give the recording system a wider range in which to catch the high

frequency spikes detected by the gage. However, with a posttest analysis of
the bar gages, these manipulations proved to have no basis in fact. Each of
the gages had the surface plastics forced into the interior of the gage casing,
indicating that the surface of the gage failed after the first peak of pressure
and the overpressure filled the interior of the gage. Therefore the traces pro-
duced give a picture of the gage interior under stress, and not a pressure pro-
file of the HEST. Measurement 7 failed due to the cable breaking.

Measurements 2 and 3 remain to be studied. Both the 20-ms and the 40-ms
pressure traces were scrutinized with the peak pressure routine, but the 40-ms
numbers were accepted as more realistic for this fitting procedure. While the
20-ms plots give better resolution of the impulse curve at the beginning, the

shorter traces do not supply the routine with late time data. The later points
control what the program determines as an asymtotic impulse (AO), and so the
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40-ms plots can produce a more realistic fit to the data. The peak pressure

routine had some trouble handling the 40-ms plots from measurement 2, as shown

by the poor fits it produced (Appendix B). The values of sigma 20 percent and

t 'sigma 100 percent [two measures of the fit to the data (a perfect fit gives

sigms - 0)] were rather high: 6.73 percent and 4.42 percent for plot 2; 6.90

percent and 4.27 percent for the redundant recording. The routine had better

results with measurement 3. The primary recording produced sigmas of 5.60 per-

cent and 3.65 percent, while the redundant channel gave 6.47 percent and 3.71

percent for the two sigmas. The calculated peak pressures from these two plots

SF gave a 7,599 psi and 7,347 psi, for an average of 7,473 psi. Considering the

qualities of the recordings, this number is the best estimate of the peak pres-

sure in TA HEST 1 with the peak pressure routine.

A comparison of the impulse curves from the photopoles to the impulse curves

of the pressure gages reveals slight differences. Because the view of the

* photopoles was obscured by the berm within the first 25 ms, the photopole im-

pulse curves (Appendix C) are still rising at their ends. However, a conrpari-

son of the impulse curves at 20 ms shows only slight differences between the

pressure readings and the photopoles. The photopoles give an impulse of about
S~13 psi-s here, while measurement 3 shows about 15 psi-s. This difference can

Ibe accounted for in the inertia of the photopoles and their consequent lag in

take off from the berm. So the photopole data correlate well with the best

pressure. measurements o" TA HEST 1.

The time-of-arrival data for the detcord driver was totally lost in this test,

since the pin box failed to function at test time. The bo:x had been thoroughlyI checked out prior to the test, so this failure came as a surprise. It is con-
jectured that the box was not turned on prior to the test. However, in an ef-

fort to obtain a rough estimate of the HEST shock velocity, the times of arri-
val at the pressure gages were studied. While this substitute for good data

did not produce a clearly defined shock velocity, it indicated that the velocity
had been in the range of 18,000 ft/s to 20,000 ft/s. This ballpark figure in-

dicated that the same driver could be used in TA HEST 2 without much fear that

it would deviate too far from the desired velocity of 18,000 ft/s.
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The soil density measurements from TA HEST 1 resulted in an in situ test bed
density of 118.4 lb/ft9 (an average of two measurements) and & dry density of
104.0 lb/ft3 , with an average moisture content of 12.5 percent. These two
measurements were made with CERF's Troxler soil density measuring machine, with
the probe set 2 in below the test bed surface. The high moisture content was
probably the result of the winter vather at the time of the first test. The
overburden had an average in situ density of 78.8 lb/ft9 (from an average of

four measurements), a dry density of 72.5 lb/fts, and an average moisture con-
tent of 8.7 percent. These four measurements came from soil samples removed
from the test site and analyzed in CERF's soils laboratory.

TA HEST 2

The results of TA HEST 1 polnted out some pitfalls to avoid in the next test.

Because of the noise problems associated with the signal conditioning ampli-
fiers, they were removed from the second test. Also, due to the poor perform-
ance of the bar gages in TA HEST 1, only one was used in TA HEST 2. This meas-
urement (7) was considered an experimental gage, and the surface elements of the
gage were improved to prevent the problems which had occurred in TA HEST 1. All
of the gage surfaces in the first test had 0.006 in of scotch tape placed across
them to prevent the explosive gases from rushing into the 0.003-in gap between
the bar and its case. However, the temperatures produced in TA HEST 1 melted
the tape and the tape was pushed into the gage interior, allowing the gases to
follow. These high pressure Cases destroyed the gage's ability to record the
HEST prassure correctly. To prevent the tape from melting in TA HEST 2, a
0.002-in steel foil was placed on top of the tape (now only 0.002 in thick),
and then a second layer of 0.002-in tape was placed over the foil. This multi-
ple diaphram was designed to solve the thermal problems and keep gases out of

the gage interior.

"Unfortunately this gage, along with a 20K and the 30K Kulite gages (measuremints

1 and 4), failed instantly at shock arrival. It is not known what happened to
the surface elements of measurement 7, because the entire gage was blown apart.
The back of the bar was blown uff, and not enough of the gage was found after-

ward to determine what failed. These three gages had been located along the

diagonals of the detcord drivers (Fig. 3) to study the effects of gross Iremits
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f jetting; the remains of the three gages gave perhaps a more graphic Indication

of the peak pressure than data records would have. Figure 13 shows deformation

contours mapped from the face of measurement I's gage mount, and also a possible

jet axis. The eight-hole debris shield's face was also severely deformed, and

the back of the gage mount showed coining marks from the metal piece which was

bolted to it. Such plastic deformations could only occur at pressures above

36,000 psi (for mild steel) inflicted for significant lengths of time. This

evidence clearly indicated that gages placed at jetting foci would have little

chance of surviving.

The four surviving pressure gages in this test were all 20K Kulite gages.

Measurements 3, 5, and 6 all used number 18 debris shields, while measurement

2 used a faster number 12 shield. The number 12 shield has a rise time from

ambient to first peak of 140 ps, with an overshoot of 15 percent. Measurements

3 and 5 had been placed along diamond diagonals (Fig. 3), but they were appar-

er4tly missed by Iremite jets due to minor misalignments in the HEST conscruc-

t tion. All four gages exhibited several similarities. They all had the same

general waveform, and they all had varying baseline shifts in late time.

fl Submitting the 20-ms ana 40-ms pressure plots for these four measurements to

the peak pressure routine yields different results. Scrutiny of the peak pres-

sure overlays and the related residuals plots (Appendix B) shows that the im-

pulse curves for measurements 2 and 3 simply do not fit the double-exponential

approximation well. While some of the sigma values do not seem that far off,

a glance at the overplots shows that the double-exponential overlays fit very
poorly In the area of maximum change in the impulse, and in the late times.

The routine also had trouble fitting to the steep early portion of the impulse

curves. Measurement 5 fit better generally, but the routine still deviated

significantly from the impulse curve in the early time and at the curve's maxi-

mum curvature. A study of the residuals plots for measurement 6 shows that

these impulse curve data points eeviate the least from the fitted curve for any

of the plots analyzed. The curves fit well in late time, with only the 40-ms

plot for the redundant recording wandering away at the end. By this analysis

of the wavwforms and the peak presstire fits, measurement 6 gave the best re-

sults from th peak pressure routine for TA HEST 2. Excepting the 40-ms plot

H•!; of the redundant channel, measurement 6 gave an average peak pressure of 5,102

IC-5 psi with the Wampler fitting procedure.
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The detcord driver design from TA HEST. 1 was used again in TA HEST 2, with the

same TOA gage layout. This time there were no problems with the pin box, and
21 of the 23 time-of-arrival crystals worke.d. Figure 14 plots the arrival times

of all the crystals attached to the detcord weave against range alung the deton-

ation direction of the HEST. With the exception of one point (pin 16 which lay

at the cavity edge), the results of the crystals line up well. Pest-fitt'Vnq a

straight line to the points by the least,-sqijares method gives an equation

t ' 0.0534R + 0.5269, r 2 - 0.999 (12)

The derivittve of this equation (dR/dt) wou'ld be the velocity of the shock wave
across the HEST, and this number works out to be 18,702 ft/!,. This is slightly

faster than the desired 18,000 ft/s, but still within 4 percent. The actual

burn speed of the detcord can be quickly estimated by using trigonometry anJ the

detcord weave angle of 33.69*. By dividing the shock velocity by the cosine of
this angle (the arc tangent of 4/6), the detcord velocity can be calculated as

22,477 ft/s. So the time-of-arrival data from TA HEST 2 show that the driver

design for the first two tests worked as desired.

The photonole impulse curves (Appendix C) compare well with the total impulses
from all of the surviving pressure gages, since most of the gages gave total

impulses in the range from 10 psi-s to 13.5 psi-s. At 40 ms the photopoles
yielded an impulse of 11.8 psi-s, which compares well with the three pressure

plots determined as the best representation of this test. Measurement 6 had

"an impulse of 12.5 psi-s at this time, so the two impulse curves agree within

the error bounds created by the analysis of the high speed films.

From 12 measurements mane with the Troxler soil density measuring machine, the

average in situ soil density of the test bed tu-ned out to be 121 lb/ft 3 . The

average dry density was figured as 106 lb/ft3 , with an average moisture content
of 14 percent. The Troxler machine gave an average in situ berm density of 91
lb/ft3 , an average dry berm density of 88 lb/fts, and an average moisture con-

tent of 4.2 percent. The berm was tested 4 in below the surface, while the test

bed was measured at depths between 2 in and 12 in. Surface can samples from the

berm gave an average in situ density of 83.5 lb/ft3 , an average dry density of

77.9 lb/ft3 , aegd an average moisture content of 7.1 percent. Three can samples
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Swe.e taken and tested in CERF's soils laboratory. The Troxler measurements are

probably higher than the can samples because they were subsurface measurements,

where the soil specimens would have been compacted by the earth above it.

TA HEST 3

Results from the first two tests agreed well and made the design ai TA HEST 3

* straightforward. On the basis of the noise-free pressure traces from the sec-

ond test, the use of tne: remote signal conditioning amplifiers was e0iminated

in TA HEST 3, and all of the gages were Kulite gages. With the pressure and

time-of-arrival gages arranged as shown in Figures 10 and 11, the survival rate

for instrumentation was very good for a test of such a high pressure range.
Fifteen of the twenty pressure gages gave results (the other five failed in-] stantly), and 46 of the 48 time-of-arrival gaaes worked. All of the gages that

failed were in the high pressure end of the HEST. As shown in Appendix A, meas-

urements 1, 2, 6, 7, and 19 failed; significantly all of these except measure-
ment I were 30K gages. All of the 30K Kulite gages in TA HEST 3 used the faster

number 10 debris shields, with the thought that these gages could withstand the
ifaster rise time allowed by this shield. Only measurements 3 and 4 survived

from this group of gages and measurement 4 took a massive offset; therefore

slower debris shields probably should have been used on the 30K gages. Meas-

urement 7 was the only 20K gAge which developed problems; not even major base-

line shifts were encountered in the other twelve 20K gages. All of the 20K

Kulite gages used number 18 debris shields.

A study of the p.-essure waveforms indicates the relative quality of the surviv-

ing measurements. The most obvious problems were with measurement 4 which had

a baseline shift of -315 psi, but the trace did exhibit a good rise time and a

clean waveform. The worst problems, which were not easily correctable, were

with measurements 5 and 15. An approximately 750-Hz signal is superimposed on

fmeasurement. 5. Also, the gage suffered a baseline offset, which can be correc-

ted for. However, the distortion of the actual waveform cannot be easily cor-

Li: ' rected, nor can the poor rise at shock arrival. Measureme)t 15 had a large

"negative spike (probably a noise-burst) 0.5 ms after shock arrival which de-

graded the impulse curve. This bump in the impulse is hard to deal with in
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the Wampler computer routine. The rise time and pressure trace in the first
1/2 ms also indicate that all of the first peak may not be present, but this

is not certain. A few other measurements seem to have weak front ends, with

slower rise times and late first peaks, such as measurements 8, 12, 14, 16,

and 20. Due to their sharp rise and clean waveform with no baseline shifts

in late time, the best waveforms are measurements 9, 10, and 18.

The quantitative analysis given here of the peak pressures from this test rests

solely upon the results of the double-exponential peak pressure routine and

judgment based on qualitative points. Referring to Appendix B, more than 30

calculations were run on the 20-ms and 40-ms plots from TA HEST 3 in order to

have a good statistical base to study. By analyzing the plots according to

their test bed range rather than strictly by waasurement, more confidence could

be gained in obtaining credible pressures from the routine. T'e most needed

pressure, at the 7-ft range, cannot be determined because all the gages failed

here. At the 14-ft range both measurements 3 and 4 gave pressure traces. For

the best pressure determination here, measurement 4 was disregarded due to its

baseline shifts and very poor fits by the routine. Of the two fits to measure-

ment 3, neither agrees with the data exceptionally well. The residuals plots

show that while the 40-ms plot fits slightly better in the late time, the fit

to the initial points is nonsynmetric. Even though not good, the 20-ms plot

has a better fit at the front end, so this fit represents the better of the

two. Its calculated peak pressure of 7,529 psi can be considered as the best

double-exponential fit pressure at the 14-ft range. Since measurement 6 failed,

the pressure determination for the 21-ft range comes solely froA measurement 5.

The failure of measurement 6 was unfortunate due to the problems with measure-

ment 5, and because the best pressure given by measurement 5 is not that cred-

ible. Baseline-correcting the 40-us plot for the gage offset does not improve

the residuals over those of the 20-em fit, and it hadly skews the fit to the

early points. The calculated peak pressure of 5,668 psi from the fit of the

20-ms plot can be considered the best effort of the peak pressure routine for

this range. This pressure is believed to be too low due to the poor quality

of the measurement.

"- 2. At the 28-ft range only one gage survived--masurement 8. Of the two plots

fitted by the peak pressure routine, the 20-ms trace exhibited a better general
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I fit. Both its sigmw, 20 percent and its sigma 100 percent show better agreement,

as do t4e graphs of the residuals. This fit yielded a peak pressure of 5,590

psi. All of the gages beyond the 28-ft range survived to give two meastorements

& per rarege location. The double-exponential fits to measurements 9 and IC at

the 35-ft range are not the best, despite the relatively good sigmas. All of
the fits tc measurement 9 fit poorly abuut the points of greatest impulso cur-

vature end the late time points. While there are problems in these same areas
with the fit to the 40-ms plot of measurement 10, the 20-ms plot fits well.

The double-exponential routine pru.duce• the best residuals plot here, with only

moderate skewness about the first few points. The peak pressure calculated
here is 5,922 psi. The fits generated for measurements 11 and 12, at 42 ft,

improve over those of the 35-ft range. The rcutine has few problems with the
late points and the area of maximum curvature in the itNplses due to their

gentler curves, A glance at the residuals plots shows that the 20-ms plot of

measureNent 11 has the best siqmas because the routino fits very well for most
of the cirve. The lack of fit to the first data points is about the same for

all of these plots, so the pressure of 3,615 psi is the best result from the

routine for this range.

With the redundant recording of reasurement 14, the pe,.,k pressure routine pro-

duced a whole group of fits to consider at 49 ft. Unfortunately the fits to
the redundant recording were poorer, as indicated by the larger values of sigma,

and pressures suggested by them were disregarded. The waveform comparison of

measurements 13 and 14 favors measurement 13 because of its sharper rise time

and cleaner initial pulse. The sigmas also favor measurement 13, even though
the late time data for measurenent 14 fits slightly better. ý Iging by the
residuals plots and the waveform quality, measurement 13's peak pressurt of

4,328 psi is the routine's best-fit pressure at this range. At the 56-ft range,

measurement 15 could not be realisticly analyzed with the peek prezsure routine,

because of the noise-burst bump in the impulse curve. Only measurement 16 was

carefully studied. The fits from measuremunt 16's traces match the dati well,
and because of its excellent residuals the 40-ms plot's peak pressure of 2,651

psi was chosen. Since all of the fits to measurement 17 and 18 are very close,
and the waveforms are good, the peak pressure at 63 ft can be chosen on the

basis of the sigmas. The best-fit peek pressure here is 2,V 1. With meas-

urement 20, at the 45.5-ft range, a study of the residual plots gives a best-
: .fit peak pressure of 3,609 psi.
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The results of these peak pressure studies are sumarized in Figure 15. This

graph shows not only the best-fit pressures mentioned above, but also all of

the calculated peak pressures found by the Wmipler double-exponential computer

program. The design curve mentioned in Section II is drawn for ref•erence.

The result of an exponential fit to the btest pressures is the equation

P - 9 , 98 1 .i7e-0.0211R, r2 * 0.825 (13)

This line is also drawn in Figure 15 and falls below the design curve. By in-

tegrating the areas under the two curves across the 70-ft range, and comparing

the answers, it can be seen that about 15 percknt less energy was expended in

TA NEST 3 than desired, according to the pressures determined in the double-

exponential fitting routine. It must be noted that while the design curve and

the best-fit curves in Figure 15 are skewed relative to each other 'they inter-

sect), there is no large reason to believe that the rate o? change of pressure

over the first portion of the test bed range dropped as dramtically as the

best-fit curve indicates, The coefficient of determination fcr the best-fit

curve (0.825) is not thpt good for an exponential form, and 'his fit used very

few dat& points in the first 30 feet of the test bed. The best-fit curve is

most believable in the larger ranges.

The best peak pressures in this test can be plotted on the peak-pressure-versus-

charge-density curve (Fig. 8), with the charge densities figured according to

the amount of explosives in the step the pressure gage lay under. TA NEST 3

adds nine more data points to the older information of five data points (ex-

cluding the origitn), and a straight line fit to all of the data yields a new

peak-presure-versus-charge-density function of

P - 1,717.8 C., r2 - 0.974 (14)

with the fit of this line heavily weighted on the origin. This new fit re-

flects the fact that the pressures in TA NEST 3 fell below the expected results,
for the new slope Is about 12 percent smaller than the old slope of 1,957.6.

For time-of-arrival data, 46 of the 48 time-of-arrival crystals operated. Be-

cause the detcord driver was built in two sections--a constant velocity section
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I
for the first 27.9 ft and a variable .�peed weave for th� remainder of the
cavity--the data can be studied in two parts. A plot of t:me of arrivals versus
range (Fig. 16) for the first 27.9 ft shows th'� daLa to 1 �e nicely on a straight
line. A straight line fit to these data points yie'ds

R 22.4211t - 10.49, r2 �' � (15)

raking the derivative dR/dt, and changing the units, gives the velocIty of the
* straight detoord section of the driver as 22,421 ft/s. This �.eloc'�ty matches

well uit� the 'lesign detcord spoed of 2�.,5O0 fth. The data from the vi�ri�ble
weave section of t�,e driver can also be best fit �rpo�enti�V.y, for the ti't#-.
of-arrival-versus-;'ang.� plot, an� a good fit obtainad:

t l.O155evo�Ju�r�, r2 * 0994

However, the velocities of the detcobd at 27.9 'vt, o�,bined from differentia"e�
form.i of Equations 15 and 16, exrnhit an unacceptable discontin�i1ty. A more
realistic method of d�t�ermIni�g the velocity nf tn� weI� 4n'�'lved calculating

diffarences in dist�nce over differences in tilhe. Referring to the tIjV.e.o't��
arri'�al data �n Appendix D, OhC can generat� the vei3czt�es in Table 1 for
plotting purposes.

Figure 17 st'ows the valocities in Table : p�otte� with t�e1r �nodian .an�;es, as
�1l a. the HEST driver d�ign curve; an exponential �ic of th� "elocity d&ta

lies I
V * , r2 * 0.831 (17)

While the coefficient of determination is not exceV lent, thIs fit t�, the velo-
cities is imich more realistic thin a derived velo�:ity function from Equation 16.
Equation 17 is drawn on Figure 17 �n-. ind�c�tes that tite detcord weave in TA
NEST 3 burned abo�it 2 percent f. er :hon dosired.

two �o1or c�neras tracking the photopoies did not itavv a ttiIIt� liglut gen.i'at�i'
Certain pro�ilems &'ose lid the photopole analysis frau' TA HEST 3, so the lupulse
ci�rves of Appendix C do not 'aatch we� idtl, ti�, pressure geg� impulses. The
attached, so neiJi�n' of t�te resultinV fflFs have precisely known f�m specd�.
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Table 1. WEAVE VELOCITY CALCULATIONS

Range, IM1an Average At, R, R)ft Range, TOA. At, ft t/sftmsmfft ft ms sf ft/s

27.9 1.710

30.90 0.360 8.0 22,222

35.9 2.070

38.15 0.221 4.5 20,361

40.4 2.291

42.40 0.197 4.0 20,304
, 44.4 2.488

46.15 0.184 3.5 19,021

47.9 2.672

49.40 0.149 3.0 20,134

50.9 2.821

52.35 0.158 2.9 ,1354

53.8 2.979

55.15 0.145 2.7 18,620

56.5 3.124

57.85 0.159 2.7 16,981

59.2 3.283

60.45 0.1?3 2.5 18,796

6..7 3.416

62.85 0.136 2.3 16,911

64.0 3.552

65.15 0.131 2.3 17,557

66.3 3.686

67.40 0.140 2.2 15,714

68.5 3.823 1____
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Becau e Hycam cameras run at regulated speeds in the low range, the photopole
plots were done by using the camera's setting of 1,000 frames per second.

While this number is not exact, it is probably correct to wi-;hin 5 percent.

The plots all indicate photopole impulses 2 psi-s to 5 psi-s below those cf

the pressure gages, an error probably explained by the film speed and the

inertia of the photopoles.

The Troxler soil density measuring machine had been returned to the factory for

repairs prior to TA NEST 3, so all of the density measures for this test came
from can samples analyzed in the laboratory. The test bed gave an in situ den-

sity of 106 lb/ft3 (from 3 surface samples), a dry density of 96 lb/ft3 , and a
moisture content of 10.3 percent. Since these samples came from the surface,

these densities are probably lower than for subsitrface samples. The overburden

had an in s;tu density of 88 lb/ft 3 , a dry density of 84 lb/ft 3 , and a moisture

content of 4.8 percent (frcm 3 samples).

As a final note in this test series, measurements were made on the changes in

elevation, before and after the tests, on all of the concrete gage canisters.

While these displacements do not really correlate with any other related vari-

able, it must be noted that the canisters dropped an average of 1.08 ft in TA

HEST 3. This drop compares with displacements of 0.61 ft in TA HEST 2, and
0.945 ft i n TA HEST 1.

2
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SECTIOM V

CONCLUSIONS

The efforts of the Target Assessment HEST test series were successful in clearly

defining the properties of Iremite in a foam HEST for nuclear simulation purposes.

and in calibrating the det cord driver needed for a desired shock velocity. The

results of this effort will be used by the Waterways Experiment Station (WES) in
their test of a generic silo as part of a Defense Nuclear Agency (DNA) targeting

research and test program. The relationship between the peak pressure obtained

in a sweeping wave HEST and the Iremite charge density is described by the data
in Figure 8. This graph of peak pressure versus charge density produced the

usable function of

P - 1,717.8 psi (Ibf3) P - 0.740 MPa CD (18)

lb/ftkg/rn

for the future design of Iremilte foam HESTS. By analyzing the data from this

test series (and its antecedents) with the Wampler double-exponential peak pres-

sure program, much of the data scatter due to human error has been eliminated in
Figure 8. Equation 18 faIls about 12 percent below the original design function

of

CD CD

P - 1,957.6 psi (P3) p - 0.843 MPa (D-• (19)
lb/ft kg/rn

used for TA HEST 3; in a repetition of that test the HEST should be modified.

However, this modification in derign is straightforward.

Returning to the design procedure described above for TA REST 3, one can merely

substitute the new pressure-charge function of Equation 18 into the calculations.

The chArge-density-versus-range function can be recreated by using Equations 5

and 18 as
-0.0142 (R/ft)K k -0.0464 (111m)

CD - (5.65 lb/ft )e C0  - (90.50 +R/)e (20)

Working through tie math using Equation 9, the new space-width-versus-range

equation for the TA HEST design parameters c¢n be fot.Wd as

S - (2.76 in)e 0 . 14 2 (R/ft) Sc - (7.01 CMle'466 (R/m) (21)



with two layers of Iremite. This function can be grAphed and approximated

appropriately to create a new stepped charge density HEST. According to the

data from this teat series, the redesign of TA HEST 3 with Equation 21 should
yield the originallj desired pressure range of 10,000 psi to 3,700 psi. A 7-inch

cavity thickness and a 4-foot overburden height were used throughout this test

series.

WES's calibration tests for their silo testing can be performed with the peak-

pressure-versus-charge-density relationship above to check its validity with

the clay soils of WES's test area in Kentucky for verification purposes. If
the modified version of TA HEST 3 described here proves successful, then the

desired 7/0-foot HEST needed for WES's test can be designed by merely repeating
the explosive patterns of TA HEST 3 about sixfold. The 12-foot pieces of Iremite

would be lengthened to 70 feet, arid the det cord driver pattern would be repeated

over the entire test bed width. A rough estimate of the explosives needed for

a 70- by 70-foot test can be figured from the actual amount of explosives used

in TA HEST 3. Since 1,545 pounds of Iremite was used in TA HEST 3, 12 percent

more would be 1,730.4 pounds; for a 70-foot wide test bed, 10,094 pounds would

be needed. Of course, WES's calibration tests will probably introduce further

modifications into the HEST design produced for WES in this Target Assessment

test series.

An AFWL Technical Report describing in detail the sizing considerations, design

process, and data analysis done on this test series, the WES calibration tests,

and the WES generic silo test is currently being written. It should be avail-

able from UDC by 30 September 1979.
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APPENDIX A

PRESSURE VERSUS TIME PLOTS
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